There is a growing body of evidence regarding cell competition between normal and mutant mammalian cells, which suggest that it may play a defensive role in the early phase of carcinogenesis. In vitro study in the past has shown that overexpression of vimentin in normal epithelial cells at the contact surface with transformed cells is essential for the cell competition involved in epithelial defense against cancer. In this study, we attempted to examine cell competition in human tissue in vivo by investigating surgically resected human fallopian tubes that contain p53 signatures and serous tubal intraepithelial lesions (STILs), a linear expansion of p53-immunopositive/TP53 mutant tubal epithelial cells that are considered as precursors of pelvic high grade serous carcinoma. Immunofluorescence double staining for p53 and the cell competition marker vimentin was performed in 21 sections of human fallopian tube tissue containing 17 p53 signatures and 4 STILs. The intensities of vimentin expression at the interface between p53-positive cells at the end of the p53 signature/STIL and adjacent p53-negative normal tubal epithelial cells were compared with the background tubal epithelium. As a result, the average vimentin intensity at the interfaces relative to the background intensity was 1.076 (95% CI, 0.9412 -1.211 for p53 signature and 0.9790 (95% CI, 0.7206 -1.237) for STIL. Thus, it can be concluded that overexpression of the cell competition marker vimentin are not observed in human tissue with TP53 alterations.
Introduction
Normal and transformed epithelial cells often compete with each other for cell survival, a phenomenon called cell competition. [1, 2] Cell competition was initially confirmed in Drosophila in 1975 and has been recently shown in mammalian cells. [3] [4] [5] [6] [7] Cell competition is now considered a unique type of short-range cell-to-cell communication that may take place during the early stages of carcinogenesis. [7, 8] Genes such as myc, scribble, sparc and mahjong have been shown to play an important role in this process. [9] [10] [11] [12] [13] Based on the results of in vitro studies of mammalian epithelial cell competition, which demonstrated that "loser cells" are extruded or undergo apoptosis, while "winner cells" proliferate and fill the vacant spaces, the novel concept of "epithelial defense against cancer (EDAC)" has been introduced. [8] In fact, Kajita et al. extensively analyzed the molecular mechanism of cell competition between normal and RASV12-transformed or Src-transformed epithelial cells and showed that overexpression of vimentin (VMN) and filamin-A (FLNA) in normal epithelial cells at the contact surface with transformed cells are essential factors for the cell competition involved in EDAC. [8] Although these observations provided new insights in the field of cancer research, cell competition between normal and mutant cells has not been assessed or validated in human tissue in vivo.
To examine the expression of cell competition markers at the interface between normal and transformed epithelial cells, we focused on studying the p53 signature of the human fallopian tube, a putative precursor of pelvic high-grade serous carcinoma. [14, 15] The p53 signature is defined as a linear expansion of more than 12 p53-immunopositive/TP53 mutant benignappearing tubal secretory epithelial cells which show no increase in proliferative activity. It can occasionally be found even in non-cancer patients. [14, 16] We also examined human serous tubal intraepithelial lesion (STIL),another tubal lesion with TP53 altertation which is more advanced than p53 signature in tumor progression. STIL is a heterogeneous entity which encompasses morphologically bland p53-positive lesion that show increased proliferative activity, and lesion suspicious for serous tubal intraepithelial carcinoma on morphology, but shows low proliferative activity (Fig 1) . We considered the p53 signature, along with STIL, to be the most suitable for our study, because it is immunohistochemically detectable, and its role in early carcinogenesis has been well documented.
Materials and Methods

Case Selection
Between 2014 and 2015, we performed in toto sectioning of fallopian tubes according to the sectioning and extensively examining the fimbriated end (SEE-FIM) protocol in approximately 100 surgically resected gynaecological cases, and one of the authors (D.M.) routinely assessed the presence of p53 abnormalities in these specimens. The diagnoses of p53 signature and STIL were made based on the diagnostic algorithm described previously (Fig 2) . [11, 12] For this study, we selected 21 formalin-fixed paraffin-embedded sections of fallopian tube tissue from 18 patients, containing 17 p53 signatures and 4 STILs total. Tubal lesions that were morphologically definite for serous tubal intraepithelial carcinoma were not included. The demographics of the patients enrolled in this study are summarized in Table 1 .
Ethical Issues
Ethical approval was obtained from Akita University, Faculty of Medicine, Ethics Committee (Reference No.1211). The data were analysed anonymously. The need of informed consent was waived by the committee because of the retrospective and noninvasive nature of the study.
Immunohistochemical Analysis of Human Fallopian Tube
Sections of formalin-fixed paraffin-embedded fallopian tube tissue were cut into sections 4 μm thick and subjected to immunohistochemical staining via standard techniques using the Ventana Discovery XT1 autostainer (Ventana Medical Systems Inc., Tucson, AZ, USA). Appropriate controls were included. Prior to this study, identification of p53 abnormalities had been performed by immunostaining of fallopian tube sections for p53 (1:100, anti-mouse, Clone DO-7; Novocastra Laboratories, Newcastle Upon Tyne, UK) and Ki67 (1:100, anti-mouse, Clone MIB-1; Dako, Glostrup, Denmark). For this study, additional deeper sections of tubal tissue containing p53 signatures were immunostained for an antibody reacting to vimentin (VMN) (1:100, anti-rabbit, Clone D21H3; Cell Signaling Technology, Inc., Danvers, MA, USA) and Filamin A (FLNA) (1:50, anti-rabbit, Clone Ab2; Sigma, St Louis, MO, USA).
Immunofluorescence Analysis of Human Fallopian Tube
We performed immunofluorescence double staining for p53 and VMN to precisely evaluate VMN expression at the interface between p53 signature and adjacent normal tubal epithelium, and the interface between STIL and adjacent normal tubal epithelium. Antigen retrieval was performed using the Ventana Discovery1 autostainer. We used primary antibodies against p53 (1:10, anti-mouse, Clone DO-7; Novocastra Laboratories) and VMN (1:50, anti-rabbit, Clone D21H3; Cell Signaling Technology). Goat anti-mouse Alexa-Fluor1-488-and goat anti-rabbit Alexa-Fluor1-546-conjugated antibodies (1:200; Life Technologies, Gaithersburg, MD, USA) were used as secondary antibodies. Finally, the slides were mounted with Vectashield and 4',6-diamidino-2-phenylindole mounting medium.
Confocal images that included the p53 signature/STIL and surrounding normal tubal epithelium were collected under a confocal microscope (LSM780; Zeiss, Göttingen, Germany) using a 63× objective lens. The image was imported into ZEN-LITE software (Zeiss), which allows manual delineation of the boundaries that define the compartments of interest and measurement of maximum intensity within the compartment.
Immunohistochemical Analysis of mogp-TAg Mouse Fallopian Tube
We attempted to further investigate cell competition phenomenon between p53-transformed cells and normal cells in mammals using mogp-TAg mouse.The generation of mogp-TAg transgenic mouse is described in a previous literature. [18] We obtained formalin-fixed paraffin embedded sections of tubal tissue of mogp-TAg mouse, which is known to give rise to p53-altered lesions analogous to human STILs. [19, 20] Immunohistochemistry for p53, Ki67, VMN and FLNA was performed via standard techniques using the Ventana Discovery XT1 autostainer (Ventana Medical Systems Inc., Tucson, AZ, USA). The antibodies used were as follows: p53 (1:100, anti-rabbit, Clone FL-393; Santa Cruz Biotechnology, Inc., Texas, USA), Ki67 (1:400, anti-rabbit, Clone D3B5; Cell Signaling Technology, Inc., Danvers, MA, USA), VMIN (1:100, anti-rabbit, Clone D21H3; Cell Signaling Technology, Inc., Danvers, MA, USA) and FLNA (1:50, anti-rabbit, Clone Ab2; Sigma, St Louis, MO, USA). The study and use of animals were approved by Institutional Animal Care and Use Committee (IACUC). 
Statistical Analysis
Statistical analyses, including calculation of confidence interval, were performed using GraphPad PRISM 6.0 software (GraphPad Software, Inc., La Jolla, CA, USA).
Results
Immunohistochemical Analysis of Human Fallopian Tube
Representative areas of tubal epithelium containing p53 signatures and their immunoreactivity are shown in Fig 3. The p53 signatures were located in an otherwise normal-appearing fallopian tube epithelium. By definition, neither cytological atypia nor an increase in Ki-67 labelling index was observed. VMN positivity was demonstrated at varying intensities throughout the tubal epithelium, including p53 signatures. Staining for FLNA was observed specifically in smooth muscle bundles of the tubal wall, and was undetectable or faint in the tubal epithelium. (Fig 4) . Therefore, we focused specifically on VMN expression at the interface between p53-positive cells at the ends of the p53 signature/STIL where they are immediately adjacent to the p53-negative cells.
Immunofluorescence Analysis of Human Fallopian Tube
Immunofluorescence double staining for p53 and VMN resulted in clear visualisation of 48 interfaces between p53-positive cells at the end of the p53 signature and adjacent p53-negative (Fig 6) .
Immunohistochemical Analysis of mogp-TAg Mouse Fallopian Tube
We found multiple foci of linearly expanding p53-positive cells that showed no histological atypia or only subtle atypia in the fallopian tube of mogp-TAg mouse (Fig 7) . These cells revealed high Ki-67 labelling index. We considered these mouse tubal lesions rather analogous to human STILs. We found that VMN and FLNA expression in the tubal epithelium of mogpTAg mouse were very focal and patchy. They were mostly negative in areas containing lesions with p53 alterations. Therefore, we did not move on to perform immunofluorescence analyses of the interfaces.
Discussion
Over the past several decades, characterization of cancer cells themselves and investigation of the surrounding stroma/microenvironment have been the mainstream of cancer research. Recent advances in our understanding of cell competition phenomena and their roles in extrusion of mutant/transformed epithelial cells have brought attention to cell-to-cell interactions between mutant/transformed epithelial cells and adjacent normal epithelial cells. [3, 4, 8, 21, 22] This is a new and intriguing concept, as most cancer researchers, including pathologists, have overlooked the features and functions of adjacent normal epithelial cells.
Here, we assessed cell competition between normal epithelial cells and transformed epithelial cells in human tissue in vivo. This study was initiated based on the hypothesis that if cell competition is a ubiquitous and constant phenomenon in the human epithelium, upregulation of established cell competition markers, such as FLNA and VMN, should be observed at the interface between normal and various mutant cells, including those with mutations in TP53, PIK3CA, and RB1, etc., even within surgically resected human tissues. The main challenge in testing this hypothesis involved the in vivo localization of a small number of cells harboring cancer-associated mutations. Immunohistochemical detection of mutant cells is one way to achieve this goal. Although it is impossible to identify cells with RAS or Src mutations immunohistochemically, diffuse and strong nuclear immunostaining using anti-p53 antibodies can detect p53 mutant cell. [23] We focused on p53 signatures and STILs of the fallopian tube rather than serous tubal intraepithelial carcinoma or overt pelvic high-grade serous carcinoma (HGSC), because EDAC by cell competition is speculated to occur during the early phase of carcinogenesis. The p53 signature is a putative precursor of HGSC which has been reported to harbor TP53 mutations that are common in HGSC.
14 But, it has a much higher prevalence rate than HGSC. [15] This suggests that most p53 signatures do not evolve into HGSC, and some could be eliminated from the fallopian tube. The results of immunofluorescence double staining for p53 and VMN clearly showed that constant VMN upregulation could not be demonstrated at the interface between p53 mutant tubal epithelial cells and adjacent normal cells. FLNA expression was not assessable for cell competition, because the tubal cells did not express FLNA. Briefly, we did not validate the cell competition phenomenon or the EDAC process in human epithelium containing cells with TP53 alterations.
One possibility is that upregulation of VMN and FLNA is a specific, rather than ubiquitous, event that occurs in epithelial cells adjacent to RAS-or Src-transformed cells. There may be other EDAC-associated markers upregulated in cells adjacent to TP53 mutant cells. It is also necessary to consider the limitation of this study associated with the use of surgically resected formalin-fixed paraffin-embedded tissue, because upregulation of VMN and FLNA could be a transient event that is not reproducible in histological sections. Finally, from our data, we cannot completely exclude the possibility that cell competition does not take place in humans.
However, we feel that cell competition can explain some of the processes involved in human epithelial defense against cancer. Further studies are necessary to identify a ubiquitous cell competition marker that can be applied to human histological specimens. Collaborations between clinicians and researchers from various fields, including pathology, molecular biology and genomics, are required to define cell competition in humans and to determine its clinical significance.
